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Aims: We conducted an intervention study to clarify how effectively telemedicine system using multi-functional 
videophone could be used in lifestyle guidance, with a special focus on diet for diabetic patients cared for at home.  
Methods: Patients were assigned to a 3-month intervention group or to a usual care group. In the intervention group, 
patients and a medical professional communicated bi-directionally through a videophone-based communication 
system for 30 minutes, once a week. The participants were encouraged to send pictures of each meal online, through 
the videophone system, in real time.   
Results: Intra-subjective comparison, the 3-month intervention program resulted in a significant decrease in the Body 
Weight (BW) (p<0.0005), and the average HbA1C level (p<0.005) compared to before intervention program. Three 
months after the conclusion of the intervention program, the average HbA1C level returned to almost the same levels 
as it was at the pre-intervention stage (p<0.05). In usual care group, the average HbA1C level did not change 
significantly for six months. 
Conclusions: 3-month intensive communication using the multimodal videophone system led to a significant decrease 
in BW and average HbA1C level. This novel bi-directional communication is useful for improving conditions of 
diabetes, BW, and hyperglycemia of homecare diabetes patients, thus, -reducing cardiovascular risk. 
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1. Introduction  
It is estimated that all around the world, the number of adults with diabetes will rise from 135 million in 1995 to 300 
million in the year 2025 [1]. In Japan too, the prevalence of type 2 diabetes and prediabetes has been increasing in the 
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recent decades. In 2007, approximately 8.9 million people were estimated to have diabetes. Also, there were 
approximately 13.2 million people with possibilities of developing diabetes [2]. The pathogenesis of type 2 diabetes is 
characterized by increased peripheral insulin resistance and decreased insulin secretion, which lead to complications 
such as diabetic neuropathy, nephropathy, and retinopathy. Thus, it is important for patients with diabetes to prevent 
complications of diabetes by improving glycemic control through sequential therapy. To date, a sedentary lifestyle and 
Westernized high-calorie diet, which result in overweight, have been considered to be associated with an increased 
risk for the development of diabetes [3-5]. Therefore, the introduction of weight management, energy-restricted diet, 
and a physically active lifestyle, is thought to be the primary approach in the treatment of diabetes. A lot of studies 
demonstrated that lifestyle interventions, including energy-restricted diet, exercise habit, and cognitive behavior 
therapy, would yield significant behavioral improvements, as well as weight loss and better glycemic control [6-10].  
In Japan, lifestyle education for diabetes is mainly conducted in hospitals. Patients with diabetes are hospitalized for 
education for a short time and given self-management training, which includes dietary intervention, exercise therapy, 
and drug therapy, under the direction of professionals such as doctors, nurses, and nutritionists in hospitals. After the 
in-hospital training program, the patients with diabetes are expected to observe the self-care program at home as well. 
However, the brief training session is not sufficient to rectify their dietary behavior problems, with the hospital visits 
being only once a month or once in two months [11]. It can be challenging for patients to accept that it is worthwhile 
making significant lifestyle changes to tackle various problems such as glycemic control, unbalanced diet, and 
sedentary lifestyle. 
Recently, with the spread of internet-based technology, the number of people using information communication 
technology (ICT) devices has increased dramatically. ICT devices are gradually being introduced in the field of 
healthcare as a telemedicine system tool. Previous studies from our laboratory documented evidence that a 
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videophone-based intensive communication is useful for cognitive rehabilitation of dementia patients and for the 
psychological care of their caregivers [12]. Thanks to its portability, ICT devices are now used in telemedicine to 
manage chronic diseases, including diabetes. Some studies evaluated weight maintenance and glycemic control 
program delivered via the Internet, telephone, and e-mail intervention [13-16]. Of these, two recent studies by 
Harvey-Berino J et al. [13] and Noh JH et al. [16] have reported whether medical interventions using ICT devices 
were effective in treating patients with diabetes. The former report has indicated that the Internet was an effective 
vehicle for promoting long-term clinically significant levels of weight loss. The latter report has shown that HbA1c 
and postprandial glucose levels were significantly decreased by a web-based intervention at six months post-initiation 
in patients with type 2 diabetes. Thus, ICT devices have tremendous potential as tools that offer health benefits. 
Therefore, we have to pursue the most effective ICT-based approach and learn how to maximize its use to help 
diabetes patients regain and maintain a balanced lifestyle. However, some of the patients, particularly elderly people, 
are likely to have some difficulties in operating computer-based ICT devices. As type 2 diabetes is common in older 
adults [17], it may be expected that many may express great anxiety about using ICT devices－compared to younger 
adults [18]. Recently, innovative multi-functional devices have been developed as a new communication tool, 
equipped with not only a telephone but also an Internet-based videophone and other multimodal functions. The main 
characteristics of the multimodal videophone equipment  － is its user-friendliness. It can be easily operated using a 
touch panel, has a relatively large display and requires no knowledge of computers. Considering the advantages of 
these innovative devices, we felt that an effective approach utilizing these tools in the healthcare field should be 
thoroughly evaluated.  
In the present study, we conducted an intervention study to clarify how effectively bi-directional communication 
system with multimodal functions was used in lifestyle guidance, with special focus on diet, for diabetic patients cared 
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for at home. Based on data collected using the real time videophone system, which can transmit information on body 
weight, diet record, and attached pictures of the meals, we conclude that these new ICT-based interventions showed a 
significant effect on control of diabetes, thus reducing the number of regular hospital visits. The interactive nature of 
this Internet-based communication will surely be an appealing mode of telemedicine in treating homecare patients in 
the future.  
 
2. Materials and Methods 
2.1. Subjects 
Participants who were diagnosed with type 2 diabetes were recruited from an outpatient section at the 
Department of Medicine and Clinical Science, Kyoto University Hospital. Twenty patients with diabetes were 
randomly assigned to a 3-month intervention group or to a usual care group (Table 1). Ten subjects with type 2 
diabetes (63±2 years, four males and six females) were invited to participate in this interventional study. The other ten 
patients (65±3 years, four males and six females) were treated on an outpatient basis once in one or two months as 
usual. Their eligibility was assessed based on their medical history. Both intervention group and control group were 
presented to a diabetes specialist once in one or two months. Only telephonic participants were prompted by us to 
receive the ICT-based intervention. Before the recruitment and before they gave their voluntary consent to participate 
in the study, they were informed about the nature, purpose, and possible risks of the study. All the subjects with 
diabetes were treated with oral hypoglycemic agents and medical nutritional therapy. All the subjects had had stable 
BW for at least three months prior to their participation in the study. Exclusion criteria were as follows: psychological 
problem, disordered recognition, impaired visual acuity, disabled hands restricting or prohibiting the use of the 
videophone system, impaired hearing. Participants who did not have a Nippon Telegraph and Telephone West 
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Corporation’s local cable systems in their home were also excluded since this was a requirement for the videophone 
installation. The study protocol was approved by the ethical committee of the Kyoto University Graduate School of 
Medicine (approval number E661) and all individuals provided written informed consent after the study purpose and 
design were explained to them. 
 
2.2. Telemedicine system 
The telemedicine system used in this study consisted of a central hospital unit and peripheral units (at 
patients’ homes), connected by multimodal videophones (Flet’s phone VP1000; Nippon Telegraph and Telephone 
West Corporation, Japan) via optical cable. The multimodal videophone was installed at each patient’s home before 
the nursing intervention was started. The main characteristic of the multimodal videophone equipment was its 
user-friendliness. It could be easily operated using a touch panel and had a relatively large display. Thus, it could be 
easily used even by elderly people. It could be operated without any difficulty after a 30-min guidance session. 
Furthermore, this multimodal system had a function which was able to send and display pictures of each meal taken 
by the patients and a graph file of the BW data on a screen. The price of the multimodal videophone is 200 dollars and 
the monthly telecommunication costs only a flat rate of 40 dollars. 
 
2.3. Study design 
Nguyen et al. [19] suggested that weight loss and obesity prevention are important medical targets of intervention in 
the effort to reduce the impact of diabetes on the health-care field. According to the recommendations of the Japan 
Diabetes Society (JDS) and Japan Society for the Study of Obesity (JASSO), an ideal daily calorific intake (kcal/day) 
is estimated from the following formula: ideal body weight (IBW, kg) x 25-35 (kcal) depending on daily activity. IBW 
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is defined as the weight that equals 22 times the square of the height (m)[20, 21]. Nakajima et al. [22] concluded that 
the diet therapy recommended by JDS and JASSO can be a useful and simple program for the control of BW and 
hyperglycemia in daily life. In line with their instructions, we encouraged a diabetic patient to eat properly, by 
communicating via videophone, with visual and live messages, and also using examples based on recommended 
calorific intake. We also encouraged, physical activities.   
For a period of three months, the patients in the intervention group were instructed to record their BW, contents of 
meal, and exercise situation every day. They were instructed to take and save digital photos of every meal. During the 
intervention, they communicated bi-directionally on a one-to-one basis with a staff nurse through the videophone 
system for 30 minutes, once a week (Figure 1). The nurse facilitated the patient’s problem-solving abilities from the 
perspective of diabetes self-management, based on a graph of weight history, drug compliance, and weekly exercise 
habit. Additionally, taking advantage of a multimodal system which can send and display pictures and a graph file of 
the BW data, the staff nurse checked the attached pictures of every meal; this was done jointly with the patients 
through the videophone system in real time. After assessing the adequacy of the dietary intake, the staff nurse advised 
the patients on the amount and types of food that they should eat by drawing marks, nothing the approximate calorie 
contents of the meal, and by writing a few comments on a display directly (Figure 2). The period of intervention was 
followed by three months of withhold intervention. The patients were instructed to return to their usual lifestyle in 
self-care while receiving outpatient treatment on a monthly basis during this period. During this time control patients 
were treated on an outpatient basis once in one or two months as usual. 
  
2.4. Measurement 
Medical diagnosis, the duration of diabetes, height, fasting blood glucose level (FBG), HbA1c, total 
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cholesterol, triglycerides (TG), low density lipoprotein-cholesterol (LDL-cholesterol), and high density 
lipoprotein-cholesterol (HDL-cholesterol) at baseline were obtained from the patients’ medical records. BMI was 
calculated by measuring weight in kilograms and height in meters, and then computing the following formula: weight 
(kg) -/- height (m2). Blood was collected after an overnight fast of at least 12 hours, when the participants returned for 
follow-up visit at 1, 2, 3, and 6 months after the study initiation. Daily weight was measured before breakfast, without 
shoes or heavy clothing and using the same weighing scale in the patient’s home.  
  
2.5. Statistical analysis 
All data were expressed as means ± S.E. Data were analyzed using the Statistical Package for Social 
Science for Windows version 16.0 (SPSS Japan, Tokyo, Japan). All parameters were evaluated using the paired t-test. 
P-value less than 0.05 was considered to be statistically significant. 
 
3. Results 
3.1. Baseline characteristics 
All the patients, who were diagnosed with diabetes by the attending doctor, participated in this study. The 
patient information is shown in Table 1. All the patients had uncontrolled diabetes with high FBG levels (intervention; 
134.7 ± 12.5 mg/dl, control; 157.0 ± 18.7 mg/dl) and HbA1c levels (intervention; 7.4 ± 0.3%, control; 7.5 ± 0.2%) 
despite being educated on the diet to be followed, exercise therapy, and the use of oral anti-diabetes drugs, as an 
outpatient, over the years. Most of the participants showed normal TG levels (intervention; 134.6 ± 24.9 mg/dl, 
control; 106.6 ± 20.7 mg/dl), total cholesterol levels (intervention; 183.7 ± 12.0 mg/dl, control; 185.3 ± 9.1 mg/dl), 
HDL-cholesterol levels (intervention; 51.1 ± 4.5 mg/dl, control; 51.9 ± 4.0 mg/dl), and LDL-cholesterol levels 
8 
 
(intervention; 100.1 ± 7.5 mg/dl, control; 101.8 ± 7.8 mg/dl) as shown in Table 1.  
 
3.2. The effects of videophone-based intervention 
During the session once a week, the staff nurse communicated with the patients on a one-to-one basis. Taking 
advantage of multimodal functions of the touch panel system of a videophone, the nurse examined and remediated 
contents of meals and intake of food through the videophone system in real time. To provide nutritional advice, the 
nurse calculated the numbers of calories in their meals during the session and wrote them directly on the display 
(Figure 2). Based on the amount of caloric intake and nutrition, the nurse advised the patients on the amount and types 
of food they should eat in the concrete. In addition, the nurse showed the line graph of the change in their BW on the 
display and evaluated the effect of dietary and exercise habits. If the result of the weight change was not satisfactory, 
the nurse analyzed the reason for this and encouraged the patient to follow adequate dietary and fluid intake. During 
the session, the patient was given advice on exercise habits as well. 
Intra-subjective comparison, the 3-month intervention program resulted in a significant decrease in BW (-3.3 ± 
0.6 %, p<0.0005, Figure 3), BMI (from 26.8 ± 1.5 kg/m2 to 25.9 ± 1.5 kg/m2, p<0.0005, Table 2), and average HbA1c 
level (from 7.4 ± 0.3 % to 6.8 ± 0.2 %, p<0.005, Figure 4). After three months of the intervention program termination 
(at 6 months after study initiation), the average HbA1c level returned to almost the same levels as it was at the 
pre-intervention stage (from 6.8 ± 0.2 % to 7.2 ± 0.3 %, p<0.05, Figure 4). In usual care group, the average HbA1c 
level of the patients did not change significantly for six months, as shown in Figure 4, which confirmed that this 
intervention program was effective in decreasing HbA1c level.  
The average FBG level had a tendency to decrease with intervention (from 134.7 ± 12.5 mg/dl to 111.1 ± 7.7 mg/dl, 
18% decrease, Table 2), although not significantly. The total plasma cholesterol and HDL-cholesterol levels did not 
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change significantly before and after intervention. The TG levels tended to decrease with intervention (from 134.6 ± 
24.9 mg/dl to 116.2 ± 14.4 mg/dl, 14% decrease, Table 2), although not statistically significantly.   
4. Discussion 
In the present study, we used the telemedicine system using multimodal videophones as a tool to communicate 
bi-directionally, so as to create an environment in which diabetes patients can live without anxiety. The goal of this 
study was to test the feasibility and efficacy of an intervention program delivered via multimodal videophone. After a 
three-month intervention program, BW, BMI, and average HbA1c level decreased significantly. From the above 
results, we conclude that our novel telemedicine system is a useful, effective, and low-cost intervention that can 
improve the quality of life of patients with diabetes.  
All participants in this study had diabetes that had been poorly controlled for many years despite repeated 
hospitalization for patient education about the condition under the direction of medical professionals. Thus, it is 
plausible that this novel intervention led to more effective glycemic control than the conventional approach, because 
of the reasons discussed below.  
One reasons for the effectiveness of this study was that the program led to increased awareness of a good lifestyle 
among participants by making them record BW, compliance checks, walk counts, and remarks every day. 
Additionally, sharing the information with a health care professional once a week led to a decrease in BW, BMI, and 
HbA1c level. This is in line with literature showing that raising awareness of the disease and self-monitoring could 
have a beneficial effect on glycemic control [23, 24]. Besides, our multimodal videophone system, which is able to 
illustrate change in BW graphically, led the participants to success in self-management, because they could recognize 
the benefits and merits from visual feedback. We speculate that this intervention program was effective in increasing 
awareness of a good lifestyle - not only by making participants document their daily records, but also by convincing 
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them that their lifestyle strongly correlates with their health status by showing a graph every time.  
Another reason for the effectiveness of the program was the use of photos of the meals which the participants 
actually ate. The videophone was able to display attached photos of the meals and to add a note of caution on the 
touch panel in real time. Because we advised a patient with diabetes on the amount and types of food he or she ate by 
giving marks, calories, and adding a few words of caution on the screen directly, we could take realistic and specific 
approaches in dietary intervention. The patients could easily understand how to select and combine the food to control 
calorie intake, by receiving individual guidance using the attached pictures of the meals. Thus, they could set a 
realistic goal for weight loss. Providing patients with personalized and specific advice from diabetes care specialists 
gives rise to a beneficial result [25]. In this regard, the use of the videophone system, which focuses on patients’ 
education for self-management, provided an appropriate opportunity for patients with diabetes who have difficulty 
maintaining adequate glucose levels at home. 
The third reason for the success of the program was the continuous intensive communication with a member of the 
medical staff for three months. There is no easy way to change a lifestyle over the years, and maintenance of desirable 
blood glucose levels is left to the self-management ability of the individual. Considering that type 2 diabetes patients 
return for follow-up visits once in one or two months, they must keep an eye on their blood glucose levels without 
medical professionals’ help in the interval between ambulatory practices. Previous studies have already revealed the 
effectiveness of frequent intervention. Pimazoni-Netto A et al. [26] showed that within a short span there is rapid 
improvement of glycemic control in diabetics using weekly intensive multifactorial intervention. Our present results 
are consistent with this research. However, regarding the frequency of the hospital visit, the usual care group presented 
had several visits to a clinic during the study, while the intervention group had weekly videophone sessions. Thus, it 
may be considered that the usual care group did not serve as an appropriate control, which is a limitation of our study. 
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In the literature, similar comparative studies in which control groups were differently treated from the intervention 
group [26] have been reported. Therefore, our comparison can be considered standard. Further, the difference of the 
intervention frequency is deeply associated with our study, in which the novelty of the research lies in the fact that 
home-care diabetics can receive helpful guidance from a member of the medical staff without having to make 
frequent hospital visits. As we would like to show the possibility that the multimodal videophone system is helpful as 
a means of providing lifestyle guidance at outpatient clinics, we selected diabetics with regular hospital visits as 
controls. The videophone-based intensive communication made it possible for the patients with diabetes who only 
visit the hospital once a month or once in two months to continuously acquire sufficient knowledge and 
encouragement by communicating with a health care professional. ICT-based videophone system made frequent 
counseling available to home-care diabetes patients. 
In this study, we made a special effort to instruct participants to adhere to the adequate diet because diet therapy is an 
important approach for patients with diabetes, especially obese patients. The risk of developing diabetes appears to 
increase with increased levels of BMI [27, 28]. Thus, keeping a daily caloric count and any decrease in BMI toward 
the recommended range are expected to improve glycemic control. Our results support the theory that there is a 
correlation between decreased BMI and improved glycemic control. For participants in the intervention group, the 
average HbA1c level improved in parallel with decreased BMI, when compared with the readings at the start of the 
study. Additionally, the average HbA1c level, after three months of the intervention program termination (at six 
months after study initiation), returned to almost the same level as it was at the pre-intervention stage. Taken together, 
these results document that encouraging diabetic patients to become more aware of weight reduction is a realistic and 
effective approach.  
After the intervention, many participants expressed a feeling of satisfaction about this videophone system. Some of 
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the opinions are given below: “Talking to the medical staff frequently through the videophone system played an 
important role in resolving issues regarding the diet, especially those regarding dairy products, on the spot.” “We 
could easily understand how to select and combine the food to control calorie intake in our real life by receiving 
individual guidance using the attached pictures of the meals.” “This videophone system is a helpful tool because it is 
hard for elderly people to visit the hospital frequently to receive outpatient treatment.” From these comments, we 
believe that this videophone system can be useful from viewpoint of the patients. 
There was no significant reduction of the average FBG level, although the average HbA1c level showed a 
significant decrease. This may be attributed to the fact that HbA1c is considered to reflect the average measure of 
blood glucose over the previous 12-week period better than FBG [29, 30]. Alternatively, this gives rise to the 
possibility that postprandial hyperglycemia may be improved by this intervention program. As stated above, we made 
a special effort to instruct participants to adhere to the adequate diet of well-balanced food including many vegetables, 
low carbohydrate, and low fat. It is known that an adequate diet, especially low-carbohydrate, improves postprandial  
blood glucose control [5] [31]. However, it is not clear whether the intervention actually influenced postprandial 
hyperglycemia which was not measured in this study. This possibility should be pursued in any future study. 
TG levels tended to decrease after the three-month intervention program, although not significantly. We suppose that 
longer intervention periods might induce a significant decrease in this parameter.  
In the present study, the system may or may not be useful for a long-term educational approach, since we did not 
focus on the factors which may affect the long-term effect in this study. To obtain long-term favorable effects, we 
suggest that this videophone system should be continued for a longer time even though the duration and frequency of 
communication are yet to be decided. We should consider it to maintain a favorable effect for a longer term; we are 
now planning to implement the next intervention program. 
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In the future, the telemedicine approach will contribute to cost savings if this system is covered by insurance and 
used in daily practice. Currently, as there are about 550,000 latent nurses in Japan, we assume that they may be able to 
work as health care professionals who stay at home and communicate with patients through the Internet.  
In conclusion, we showed that a three-month bi-directional intensive communication using the videophone-based 
system resulted in a significant decrease in BW, BMI, and average HbA1c level. The bi-directional communication 
using multimodal videophones can be useful as an auxiliary therapy for switching to a good lifestyle.  
The results of the study show a potential strategy for diabetes care, which can be used as an alternative approach to 
conventional hospital visits in the near future. 
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Fig. 1 Situation of intercommunication between a patient with diabetes and a nurse through the videophone 
system. 
 The patients in the intervention group communicated bi-directionally on a one-to-one basis with a staff nurse 
through the videophone system for 30 minutes, once a week 
 
Fig. 2 A real screen with writing marks, calories, and a few words of caution written by a nurse so that a 
patient with diabetes learns naturally to have an appropriate diet. 
The staff nurse advised the patients on the amount and types of food that they should eat by drawing marks, 
nothing the approximate calorie contents of the meal, and by writing a few comments on a display directly 
 
Fig.3 Effects of the bi-directional communication via videophone system on the average body weight 
The 3-month intervention program resulted in a significant decrease in the body weight (-3.3 ± 0.6 %, 
p<0.0005). After 3 months of the intervention program termination, the body weight returned to almost the same 
levels of pre-intervention (p<0.005).  
Values are means ± SE for ten subjects with type 2 diabetes.  
18 
 
** p<0.0005 versus before intervention. * p<0.005 versus 3-month after intervention. 
 
Fig. 4 Effects of the bi-directional communication via videophone system on the average HbA1c level 
The 3-month intervention program resulted in a significant decrease in the average HbA1c level (from 7.4 
± 0.3 % to 6.8 ± 0.2 %, p<0.005). After 3 months of the intervention program termination, the average HbA1c level 
returned to almost the same levels of pre-intervention (from 6.8 ± 0.2 % to 7.2 ± 0.3 %, p<0.05).  
Changes in HbA1c level of the control patients who were treated on an outpatient basis as usual. The 
average HbA1C level of the patients did not change significantly for six months. 
Values are means ± SE.  
** p<0.005 versus before intervention. * p<0.05 versus 3-month after intervention. 











































  Intervention group 63±2 4/6 69.0±5.6 26.8±1.5 14±3 134.7±12.5 7.4±0.3 134.6±24.9 183.7±12.0 51.1±4.5 100.1±7.5 
   Usual care group 65±3 4/6 61.5±2.4 24.6±0.9 16±3 157.0±18.7 7.5±0.2 106.6±20.7 185.3±9.1 51.9±4.0 101.8±7.8 
Values are means ±SE for subjects with type 2 diabetes. 
Figure 1.  


































Table 2. Characteristics of sample at baseline and 3 month after intervention    
               and 3 month after intervention termination in the intervention group 
Values are means ±SE for ten subjects with type 2 diabetes. 
before intervention 
3 month after 
intervention 
p value  
(vs. before 
intervention) 




 (vs. 3 month after 
intervention) 
Body Weight (Kg) 69±5.6 66.9±5.6 <0.0005 67.9±5.7 <0.005 
BMI (Kg/m2) 26.8±1.5 25.9±1.5 <0.0005 26.4±1.5 <0.005 
Fasting glucose 
(mg/dl) 
134.7±12.5 111.1±7.7 0.1288 120.2±15 0.5969 
HbA1C (%) 7.4±0.3 6.8±0.2 <0.005 7.2±0.3 <0.05 
Triglyceride 
(mg/dl) 
134.6±24.9 116.2±14.4 0.4133 158.2±30.9 0.0637 
Total-CHO 
(mg/dl) 
183.7±12 190.5±12 0.2213 184.7±12.4 0.5012 
HDL-CHO 
(mg/dl) 
51.1±4.5 54.8±5.1 0.2349 54.7±5.1 0.9714 
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Figure 4. 
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